Crossbred (Chester White X Yorkshire • Duroc) boars were used to evaluate the effects of feeding a progestogen (ahrenogest) on bodygrowth, endocrine function (determined during feeding and after withdrawal ofaltrenogest), carcass composition, boar odor and testicular function (determined after a 30-d withdrawal from ahrenogest). Boars from 18 litters were assigned at 12 wk of age to three treatments: 1) 18 control boars; 2) 18 boars fed altrenogest (20 mg/day) for 6 wk from 15 to 21 wk of age, followed by 30 d with no treatment; and 3) 18 boars castrated at 2 wk of age (barrows). Daily gains were greater (P<.05) in boars fed aitrenogest than in barrows through 21 wk of age but were lower (P<.05) than those of control boars and barrows during the 30-d withdrawal period. Boars fed altrenogest weighed less (P<.05) than control boars and barrows at 25 wk of age (at slaughter). Both groups of boars were similar in percentage of muscle and had less (P <.05) backfat than barrows, whereas control boars had the largest (P<.05) loineye areas. Based on evaluations by a trained sensory panel, intensity of boar odor in fat samples was similar for both groups of boars and was greater (P<.05) than that for barrows. Weights of accessory reproductive glands and weight and sperm content of testes and epididymides were reduced (P<.05) in boars fed altrenogest. Concentrations of luteinizing hormone (LH) and testosterone in serum (but not follicle-stimulating hormone) were reduced (P<.05) for boars fed altrenogest compared with control boars during the period of altrenogest treatment. The data suggest that feeding altrenogest to growing boars had no negative effects on growth performance during treatment or on carcass qualitative traits after withdrawal of altrenogest. Secretion of LH and testosterone were reduced during treatment but returned promptly after withdrawal of altrenogest.
I ntrodu ctio n
Ahrenogest, a progestogen agonist, inhibited testicular growth and reduced testosterone in serum of growing boars, but it did not alter growth or backfat thickness (Kluber et al., 1985) . Chlormadione acetate (another progestogen) fed for 70 d produced a desexualizing effect and reduced 5~-androstenone in meat and fat of boars (Busch et al., 1979) .
Testicular growth, secretion of testosterone and possibly boar odor are dependent on gonadotropins (Andresen, 1975; Allrich et al., 1983) . The proposed suppressive action of progestogens on gonadotropin secretion (Webel, 1978) might explain the effects observed by Busch et al. (1979) and Kluber et al. (1985) .
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J. Anim. Sci. 1988. 66:470-478 Altrenogest, in fact, might produce a castration-like effect in the growing boar by reducing testicular secretion of testosterone through suppression of LH secretion, but might not alter androgen secretion sufficiently to obviate the advantages of boars for muscle growth. The objectives of this study were to monitor body growth and endocrine function of boars during feeding of altrenogest and to evaluate carcass composition, boar odor and testicular function after 30 d of withdrawal from the progestogen.
Materials and Methods

Animals. Crossbred male pigs (Chester White
• Yorkshire • Duroc) were selected from litters that had at least five male pigs. Two male pigs from each litter were selected randomly and castrated at approximately 2 wk of age. All pigs were weaned at about 3.5 wk of age (range: 20 to 29 d) and placed in an environmentally controlled nursery. A barley-soybean diet (20% protein; 1.25% lysine) was available at all times. Starting at 9 wk of age and continuing for the remainder of the study, all pigs received a medicated (ASP 250), 18% protein (.95% lysine), milo-soybean diet fortified with vitamins and minerals that met or exceeded all NRC (1979) recommendations. At 12 wk of age, three littermate male pigs (two boars and one barrow; n = 54) of similar weights were selected from each of 18 litters (blocks). One pig from each litter was assigned randomly to each treatment group, and pigs were moved into a modified, open-front facility with solid concrete floors.
Experimental Design. Male pigs were separated arbitrarily into heavy-weight, mediumweight, and light-weight groups and were assigned randomly within treatment to pens (4.6 • 1.2 m) with three pigs per pen and six pens per treatment for the duration of the study. Treatments included: 1) control boars, 2)boars fed altrenogest from 15 to 21 wk of age and 3) barrows. Feed and water were available at all times during the study. Altrenogest was mixed into feed at a daily rate of 20 mg/boar, based on the calculated daily consumption of feed during the previous week (about 5.7 mg altrenogest/kg feed). The 20-mg dose was chosen because a similar dose was adequate to reduce testosterone in serum and to inhibit testicular growth (Kluber et al., 1985) . During the withdrawal period (22 to 25 wk of age) when no altrenogest was fed, altrenogest-treated boars were fed the same diet as control boars and barrows. A 30-d withdrawal period was required before slaughter to comply with regulations of the U.S. Food and Drug Administration.
Measurements. Individual weights were assessed every 2 wk (biweekly) to determine average daily gain (ADG) until 25 wk of age. Blood was collected via puncture of the anterior vena cava at biweekly intervals between 0630 and 0800 to monitor concentrations of luteinizing hormone (LH) (Newton et al., 1987) , follicle stimulating hormone (FSH) (Newton et al., 1987) and testosterone in serum by radioimmunoassay (Kluber et al., 1985) . Pigs from the 12 heaviest litters were chosen a priori to be slaughtered at 25 wk of age to increase the probability of having boars with significant boar odor. (The remaining six pigs per treatment were used in a separate study designed to evaluate longer-term effects of altrenogest.) At slaughter, the testes, epididymides, seminal vesicles, bulbourethal glands, submaxillary salivary gland and body of the prostate were dissected and weighed. Carcass weights (CW) were determined before the carcasses were chilled. Measurements were made 24 h after slaughter on the right side of each carcass. These included backfat thickness measured at the last rib and fat depth (FD) measured between ribs 10 and 11 laterally from the dorsal midline about three-quarters down the loineye. Loineye area (LEA) at the 10th rib was determined using a planimeter.
The USDA grade of each carcass (USDA, 1985) was determined, and color, firmness and exudativeness of the longissimus muscle were evaluated at the 10th rib area. Classifications were based on a scale of 1 to 5 for color (1 = pale; 2 = slightly pale; 3 = normal grayish pink; 4 = slightly dark; 5 = dark), firmness (1 = soft; 2 = slightly soft; 3 = normal firmness; 4 = slightly firm; 5 = firm), and exudativeness (1 = watery; 2 = slightly watery; 3 = normal dryness; 4 = slightly dry; 5 = dry) (Rust and Topel, 1969) . Percentage of muscle was calculated using the formula = [2.1 + (.45 x CW) + (5 x LEA) -(11 • FD)]/CW • 100 (Boggs and Merkel, 1982) .
At slaughter, samples of testicular parenchyma and the entire epididymis from the right side were homogenized, and the content of sperm was determined (Amann and Lambiase, 1969) . Portions of the left testis were fixed in Bouins' solution, and 6-/~m sections were prepared. Every 10th section was mounted on a glass slide and stained with Harris' hematoxylin (Lillie, 1954) . Histological examination at stages 1 and 8 of the cycle of the seminiferous epithelium (Ortavant, 1959; Swierstra, 1968) was similar to that described for bulls by Barnes et al. (198o) .
Sensory Panel. Several individuals (n = 13) were screened initially for their olfactory sensitivity to boar odor in fat samples from mature boars. From those individuals capable of detecting differences in intensity of boar odor, six panelists (five females, one male) were trained in a two-phase procedure. In the first phase, panelists were asked to select samples of similar intensity using a triangle sensory test. The following week (second phase), panelists were exposed to individual samples of backfat of known intensity in two daily sessions of 15 min for at least 1 wk. Test samples consisted of 1-cm cubes that were excised backfat collected from an area cranial to the 10th rib on the left side. Test samples were heated on individual porcelain hot plates that were precalibrated to a surface temperature of 147 to 153 C. Heated surfaces were cleaned with 70% ethanol between samples. Testing sessions were conducted twice daily (0830 and 1330) on three consecutive days for a 2-wk period for a total of 12 sessions. Representative samples from one litter and from each treatment group (a total of seven samples) were evaluated at each session. Panelists used a scale of 1 to 5 to score the intensity of boar odor for each sample (1 = none; 2 = slight; 3 = moderate; 4 = strong; 5 = very strong).
Statistical Analyses. Data were analyzed as a randomized complete-block experiment including treatment and litter (where appropriate), using the General Linear Models Procedure of SAS (1979) . Pen was considered the experimental unit for growth performance. Orthogonal contrasts were used to separate treatment means (control or altrenogest-treated boars vs barrows), and a nonorthogonal contrast (treated vs control boars) by the least significant difference test (SAS, 1979) also was made. Concentrations of LH, FSH and testosterone were analyzed as a split-plot design with repeated measurement (Gill and Hafs, 1971) .
The sensory experiment was designed as a repeated measure, crossover design using all six possible sequences of the three treatments. Litter effects were included in the statistical model as a block effect that was confounded with panel sessions. Each panelist was assigned a sampling sequence; thus panelist and sequence effects were confounded. At each session, a sample from a control boar, a barrow, and a treated boar, all from the same litter, were each evaluated twice by each panelist. To balance carryover effects, each panelist evaluated seven samples, two from two of the treatments and three from the third. The first of seven samples was not used, leaving two samples from each treatment to be evaluated by each panelist during each session. Every treatment was preceded by each of the other treatments, but not preceded by itself. The experiment, thus, was balanced for carryover effects, which were estimated using dummy covariates as outlined by Milliken and Johnson (1984) .
Results
Average daily gain based on biweekly measurements from 15 to 25 wk of age is illustrated in figure 1. During the 6-wk treatment period, boars fed altrenogest had greater (P<.05) ADG than barrows and had a tendency for greater (P=.08) ADG than control boars. After altrenogest withdrawal, ADG of boars fed altrenogest decreased by 56% (figure 1). In fact, during the first 2-wk period of withdrawal, some boars previously fed altrenogest lost weight. Over the entire 4-wk period after withdrawal, control boars and barrows gained weight at similar rates, but both groups gained faster (P<.05) than boars previously fed altrenogest.
Carcass characteristics of pigs from the 12 heaviest litters are shown in table 1. Slaughter weight for the altrenogest-treated boars was less (P<.05) than that for control boars and barrows. Boars fed altrenogest had lighter (P<.05) CW than control boars and barrows, but the dressing percentages were similar among treatment groups. Control boars had longer (P<.05) carcasses than the other two groups.
Both control and altrenogest-treated boars had less (P<.05) backfat over the last rib and higher (P<.05) percentage of muscle than barrows. Untreated boars had larger (P<.05) loineye areas than barrows. Both boar groups had better (lower numbers) (P<.05) USDA grades than barrows, because they had leaner, more muscular carcasses. Color, firmness, and exudativeness of the longissimus muscle at the lOth rib were similar for barrows, control boars and altrenogest-treated boars.
Intensity of boar odor was similar between the control and altrenogest-treated boars (table  1) . Mean score.s for intensity of boar odor ranged from slight to moderate in both boar groups and were higher (P<.05)than those for barrows. Concentrations of LH were similar in the two groups of boars during the pretreatment period (13 to 15 wk of age;figure 2). Luteinizing hormone was maintained from .7 to .9 ng/ ml from 15 to 25 wk of age in control boars. After treatment with altrenogest was initiated at 15 wk of age, LH in serum declined (P<.05) from 1 ng/ml to .3 ng/ml at 17 wk of age. This concentration was maintained until 21 wk of age, when LH rose to about .5 ng/ml before withdrawal of altrenogest. Thereafter, LH in serum remained unchanged until 25 wk of age. At 13 wk of age, concentration of LH in the serum of barrows was 2 nglml, and it increased numerically to 2.3 nglml 2 wk later. From 15 to 25 wk of age, average LH in the barrows declined to a final concentration of 1.8 ng/ml.
Concentrations of FSH were similar from 13 to 17 wk of age in the two groups of boars (figure 2) . However, boars fed altrenogest had concentrations of FSH in serum that were approximately half those of the control boars from 21 to 25 wk of age. As expected, FSH in serum of the barrows was high, ranging from 17.3 to 20.1 ng/ml.
Concentrations of testosterone in serum collected on alternate weeks from 13 to 25 wk of age are illustrated in figure 2. Testosterone was reduced (P<.05) in serum of boars fed altrenogest compared with that of control boars 2 wk after initiation of treatment. Testosterone in serum of treated boars remained at about 1 ng/ml for the duration of altrenogest feeding, but then increased to concentrations similar to those of control boars 2 wk after withdrawal of altrenogest. As expected, testosterone in serum of barrows was low and never exceeded .2 ng/ml.
Discussion
Treatment with altrenogest did not alter ADG (compared with control boars) during the treatment period. These data concur with our earlier conclusion that feeding altrenogest to growing boars did not alter growth rate (Kluber et al., 1985) . In contrast, during the withdrawal period, growth performance of altrenogest-treated boars was reduced compared with control boars and barrows. During daily care of the boars, we observed considerable mounting activity by the boars previously treated with altrenogest. Mounting activity began 5 d after withdrawal of altrenogest and persisted throughout the remainder of the study. Although not evaluated quantitatively, much less mounting was observed among control boars. Because altrenogest-treated boars were housed between pens of control boars and barrows, feeding behavior of all pigs may have been disrupted from 21 to 23 wk of age, as evidenced by a decline in ADG for all treatment groups. Increased mounting activity after altrenogest withdrawal was not observed in our previous study (Kluber et al., 1985) . Increased mounting activity is observed when testosterone is increasing in the serum of peripubertal boars (Colenbrander et al., 1978; FlorCruz and Lapwood, 1978; Tonn et al., 1985) . Similarly, the rise in testosterone after altrenogest withdrawal may have triggered an increase in male behaviors.
Intact male pigs have more muscling and leaner carcasses than castrates of comparable body weight (Prescott and Lamming, 1964; Desmoulin and Bonneau, 1979) . In our study, control and treated boars were comparable for muscling and leanness, and both were superior to barrows. It is possible that altrenogest had a slight anabolic activity in the boar to partition nutrients into more lean growth in the face of low (barrow-like) concentrations of testosterone. However, because altrenogest administered sc shows weak anabolic and androgenic activity equivalent to about 1/20 of that of testosterone (Roussel-UCLAF, personal communication) we suggest that only very low concentrations of testosterone (perhaps equivalent to or less than those observed for altrenogest-treated boars in our study) are necessary to maintain the anabolic effects observed in intact boars.
Testicular steroids are precursors for the primary compound causing boar odor (5 a-androst-16-en-3-one) (Patterson, 1968; Andresen, 1975; Brooks and Pearson, 1986) , and submaxillary salivary glands metabolize steroid precursors to the 5 a-androstenone products responsible for boar odor (Brooks and Pearson, 1986) . Even though boars fed altrenogest had reduced submaxillary gland weights, there was no difference in the intensity of boar odor for ahrenogesttreated and control boars 30 d after withdrawal of ahrenogest from the diet.
Progestogen treatment suppresses preovulatory surges of LH (Redmer and Day, 1981) and ovarian follicular development (Guthrie and Bolt, 1982) in the gilt. Our data demonstrate that feeding altrenogest for 6 wk reduced the secretion of LH and testosterone that is associated with sexual development of growing boars. This suppression of LH was maintained until just prior to withdrawal of altrenogest when LH increased. The reason for this increase in LH may be compensatory escape of the hypothal- Figure 2 . Concentrations of luteinizing hormone (LH), follicle-stimulating hormone (FSH) and testosterone in serum of barrows (BA), boars (BO) and boars fed altrenogest (AL) (20 rag/d) from 15 to 21 wk of age. Blood was collected every 2 wk. Individual points represent the mean of 18 pigs; standard errors ranged from .08 to .09 ng/ml, .37 to .41 ng/ml and .34 to .36 ng/ml for LH, FSH and testosterone, respectively. amic-pituitary axis from the negative feedback action of the progestogen in an attempt to restore concentrations of testosterone. Similar decreases in LH were seen in prepubertal rams treated with implants of progesterone (Echternkamp and Lunstra, 1984) .
Although treatment with altrenogest did not reduce concentrations of FSH significantly from 21 to 25 wk of age, concentrations of FSH were approximately half those of control boars. Perhaps this, together with reduced LH in boars fed altrenogest, contributed to reduced testis size. In hypophysectomized rams, FSH acted synergistically with LH to increase testicular growth (Courot, 1970) .
Feeding altrenogest for 6 wk prevented the rise of testosterone in serum associated with sexual development in growing boars (Kluber et al., 1985) . In the present experiment, the pubertal increase in testosterone also was delayed for 6 wk while altrenogest was fed and corresponded to a period of lower concentrations of LH in serum. Our data support earlier work (Andresen, 1976; Kluber et al., 1985) , which reported that the pubertal rise in testosterone of untreated boars began at 16 to 17 wk of age.
Secretion of testosterone by Leydig ceils and production of androgen-binding protein by Sertoli ceils (Fritz et al., 1974) provide a high concentration of testosterone in the seminiferous tubules, which is essential for spermatogenesis (Albert, 1961 ) maturation of testosterone-dependent sexual traits and growth of accessory reproductive glands (Amann and Schanbacher, 1983) . Treatment with altrenogest inhibited testicular function and growth and development of accessory glands. In addition, in the testes of the boars fed altrenogest, there was less interstitium and more lumen. With reduced LH stimulation, differentiation of Leydig cells may have been delayed or inhibited, compared with those of control boars (Lunstra et al., 1986) . This may explain why lower concentrations of testosterone were observed in serum of treated boars and why content of sperm in the testis and epididymis was depressed at 25 wk of age.
Effects on endocrine and testicular functions similar to those observed in the present study were reported in males treated with chlormadinone acetate (another progestogen) and with progesterone. Chlormadinone acetate suppressed plasma testosterone in boars and reduced testosterone-dependent characteristics, including testicular weight, spermatogenesis, libido and odor in fat (Busch et al., 1979) . Rams treated with implants of progesterone (Echternkamp and Lunstra, 1984) had reduced testicular size, decreased spermatid maturation and greater seminiferous tubule diameter at 14 wk of age, but by 22 wk of age (8 wk after withdrawal) there was no difference in scrotal circumference, seminiferous tubule diameter or spermatogenesis between control and implanted rams. These observations suggest that the inhibiting effect of progesterone were largely reversible in rams. Our observation that testosterone secretion returned promptly after altrenogest withdrawal suggests that the inhibitot~r effects of the progestogen also may be reversible in boars.
Taken together, the results of this study suggest that feeding a progestogen to boars suppressed testosterone secretion, probably by reducing secretion of gonadotropins. Even though testosterone secretion was reduced during altrenogest feeding, no adverse effects of the drug on carcass muscling or leanness were observed at 30 d after withdrawal from altrenogest. However, intensity of boar odor was not reduced at 30 d after altrenogest withdrawal.
